Objective: The objective of our study was to examine executive dysfunctions in stroke survivors (three months after stroke) via Wisconsin Card Scoring Test (WCST) and to assess the influence of stroke severity and lesion location.
Informed consent was obtained from all the participants.
Procedure: All the patient underwent assessment that included clinical evaluation by neurologist, CT scan, blood testing at the time of admission to the clinic and neuropsychological examination three months after the stroke onset. We used the following neuropsychological battery: Mini Mental State Examination (MMSE), 21 Hamilton Questionnaire, WCST, Luria Aphasia test, Simple apraxia battery. The level of stroke disability was assessed by the NIHSS. The Location of the lesion was verified by CT scan (left hemispheric lesions in 30%; right hemispheric lesions in 45%, and brainstem lesions in 25%). MMSE was used for assessment of global cognitive functioning. 21-Hamilton Depression Scale was used as a screening test for depression. WCST was used as a test for assessment of the executive functions. Standard score and T -score of the number of total errors, perseverations, perseverative errors, nonperseverative errors, conceptual levels were used as independent measures, as well as number of completed categories, trials to complete first category, failure to maintain set, learning to learn assessed with percentiles.
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Statistical analysis: STATGRAPHICS 5.0 Plus free version was used for statistical analysis. For our purposes we used One -Way and Multifactor ANOVA and simple and multiple regression analyses. All statistical tests were interpreted at the 5% significance level.
RESULTS:
The MMSE scores were within 17-30 (average 23.45; SD 3.25), the distribution of the patients according to MMSE is shown on figure 1. Hamilton scoring s within the 4 to 18 range (average 12.6, SD 3.66, figure 2) .
Assessments of patients' attitude, cooperation and effort are shown on Figures 3, 4 Statistically significant difference of number of total errors was found between the left hemispheric lesion group and the other two groups (Kruskall -Wallis Test p=0.0268). The influence of lesion location on WCST results is shown on Table 3 .
Main WCST results are summarized on Table 4 . As it is shown on Table 5a , no severe or moderate to severe impairment was found. 20% of our patients had abnormal results on number of total errors, 15 % -on number of perseverative errors, 60% -on number nonperseverative errors and 40 % on conceptual level scoring. Borderline results (below average compared with normal population) had about 25% of them.
The influence of stroke severity on examined cognitive parameters is shown on Table 6 . Relationships between NIHSS and respectively MMSE -scoring, standard score of percent conceptual level, trials to complete first category, failure to maintain set and learning to learn abilities were been found. 
CONCLUSIONS:
The results of our study are similar with the results of previous studies regarding the cognitive dysfunctions (75% of our patients) and tendency to depressive mood (75%) three months after the stroke onset. Moderately strong relationship between stroke severity (measured with NIHSS) and global cognitive functioning (assessed with MMSE) was found. No association between stroke severity and Hamilton scoring was observed and this gave us the basis for presuming that the mechanism of developing executive dysfunction after stroke differed from depression developing mechanism.
We did not find statistically significant association between MMSE -& Hamilton scoring and Wisconsin test results at the 5% significance level (p≥0.05) so we strongly recommend the test for assessment of executive functions in stroke patients with mild depression.
Patients' attitude, cooperation and effort had no impact on the results on Wisconsin test scoring, despite the poor attitude and relative homogeneity of the group on these parameters. 90% of our patients had scores below the normal limit (for normal population) on number of categories completed, mostly due to nonperseverative errors (60% below normal scores for age, sex and education) and attention deficit (measured as failure to maintain set -50% below normal scores). We found decline in learning to learn ability in 85%, which was higher than results from the previous studies. Only 15% had more perseverative errors than in normal population. 55% had difficulties in initiation measured by trials to complete first category. 40% of our patients had below normal standard score and T -score on percent conceptual level. Severe and total impairment was found in 55% for number of completed categories, 20% -trials to complete first category, 35% -failure of maintain set. These facts support the hypothesis of executive dysfunctions among stroke survivors.
Unlike the results from previous studies 3, 7, 10 statistically significant differences were established between the left hemispheric lesion group and the other two groups (right hemispheric lesion group and brainstem lesion group) on the number of total errors; they were significantly more than in other two groups. Such a relationship was not found for the other examined parameters.
Stroke severity, measured by NIHSS, influenced MMSE scoring and some of the Wisconsin test results (percent conceptual level (at 90% confidential level), trials to complete first category, failure to maintain set and learning to learn abilities). We presume that this is due to a disconnection between the brain cognitive zones because of a stroke lesion or possibly executive dysfunctions preceded or were the first manifestations of brain ischemia before stroke, which is a question that should be the subject of future studies.
